Supercritical carbon dioxide (SC-CO 2 ) extraction and hydrodistillation (HD) were used to determine the essential oil composition of the trunks and leaves of Chamaecyparis obtusa. The optimal extraction conditions for the oil yield within the experimental range of variables examined were temperature 50 o C, pressure 12 MPa, carbon dioxide flow rate 40 mL/min and extraction time 90 min. The maximum measured extraction yield was 2.9%. Entrainer solvents, such as methanol in water, had no additional effect on the extraction of essential oils. The chemical composition of the essential oils was analyzed by GC-MS. The major components were α-terpinyl acetate (>10.9%), 1-muurolol (>13.2%) and elemol (>8.1%). Sesquiterpenoids formed the major class of compounds present.
SFE is a technology that uses a solvent with properties intermediate between a gas and liquid in order to extract more effectively a solute from a solid matrix. The potential advantages of extraction with supercritical fluids are the increased extraction rates of the high solvent power and rapid diffusion of solute. Supercritical carbon dioxide (SC-CO 2 ) extraction is an excellent alternative for essential oil extraction to replace conventional industrial methods. SC-CO 2 extraction attracts attention due to the chemical and physical properties associated with the process, for example it being non-flammable, non-explosive, nontoxic, and non-corrosive. In addition, the SC-CO 2 system can be operated at low temperatures, thus preventing degradation due to heat. Furthermore, the extracted product is of good quality and rarely needs further refining [7] .
Chamaecyparis obtusa (Cupressaceae) is an evergreen conifer and a major plantation species for timber production in Japan [8, 9] , Taiwan [10, 11] , and Korea [12, 13] . The species has been reported to have antimicrobial [12, 14] and insecticidal activities [13, 15] . The major components of the essential oils of C. obtusa are d-bornyl acetate, (+)-limonene, α-pinene and αterpinyl acetate [13] . Previous reports have described the chemical composition of the essential oils of C. obtusa extracted by HD and SD, although we could not find any report using SC-CO 2 extraction [12] .
In this study, we used two extraction methods, HD and SC-CO 2 to compare the chemical composition and oil yields of this species. The effects of the main operating parameters, namely the extraction pressure, extraction temperature, extraction time and CO 2 flow rate on the extraction yields of essential oils were investigated. The chemical composition of the extracted oils was analyzed by GC-MS.
Table1 shows the relationship between the percentage yield and the experimental conditions for supercritical CO 2 . In order to observe the effect of temperature and pressure on the extraction of essential oils, the CO 2 flow rate and extraction time were kept constant at 40 mL/ NPC Natural Product Communications 2010 Vol. 5 No. 3 461-464 min and 90 min, respectively. The temperatures were changed from 40 to 60 o C at 12 MPa. The essential oil yields increased and then decreased with increasing temperature. The pressures were changed from 8 to 15 MPa at 40 o C. The yield of essential oils also increased and then decreased with increasing pressure. The optimum temperature and pressure were 50 o C and 12 MPa, respectively. Table 1 shows that the extraction yields increased rapidly to 2.0 % and then deceased to 0.9 % with increasing pressure at 40 o C. A comparison of the effect of temperature and pressure showed no significant change in the yield of the essential oils. The extraction yields also increased to 2.9% and then decreased to 1.2% with increasing temperature to 60 o C and a pressure of 12 MPa. However, the extraction yield over the pressure and temperature ranges used in this study rapidly approached 2.9%. Table 1 shows the effect of the CO 2 flow rate on the yield. The highest yield of essential oils approached 1.6% at a CO 2 flow rate of 40 mL/min. These results suggest that the effects on the yield were negligible. The effect of extraction time and methanol (entrainer solvent) percentage on the yield was examined ( Table 1) . Entrainer solvents, such as 70% methanol and pure methanol, were added to the samples and compared with the pure CO 2 fluid. The extraction time and the percentage of methanol had no significant effect on the yield in this experimental range. The optimal experimental conditions for the oil yield within the experimental range of the variables were temperature 50 o C, pressure 12 MPa, CO 2 flow rate 40 mL/min, and extraction time 90 min. Under these conditions, the oil yield was predicted to be 2.9%.
The highest yield of essential oils was extracted from the trunks and leaves of Chamaecyparis obtusa by SC-CO 2 compared with the hydrodistillation method. The oil yields from the trunks and leaves by hydrodistillation were 0.8 and 0.8%, respectively. From both the trunks and leaves, the amount of essential oil extracted by SC-CO 2 was almost double that by HD. This suggests that supercritical fluid extraction at high temperature and high CO 2 pressure can extract essential oils more efficiently than traditional extraction methods, such as hydrodistillation. 
RT = retention time
The essential oil compositions of the extracts were analyzed by GS-MS. A total of 42 compound were identified, with the major components being α-terpinyl acetate (>10.9%), 1-muurolol (>13.2%), and elemol (>8.1%) ( Table 2 ). Other important constituents were also detected, such as limonene (>0.4%) and α-pinene (>0.02%), which can be used as substrates for the production of monoterpenoid flavors and fragrances [16] .
Although the essential oils of C. obtusa are represented mainly by monoterpenes and sesquiterpenes, diterpenes were also detected. The ratio of these three types of terpenoid groups was increased from 0.02 to 0.07. The major components were sesquiterpenes (greater than 64%), with monoterpenes being minor (>5%) ( Table 2 ). The main monoterpene was linalool (>0.5%), while 1muurolol (>13%) and 10-epi-a-eudesmol (>2.7%) were the major sesquiterpenes found. Table 3 presents the number of compounds from the SC-CO 2 and HD samples of C. obtusa; sesquiterpenes predominated. The number of sesquiterpene compounds was more than 2 and 4 times greater that those of the monoterpenes and diterpenes, respectively. These terpenoids can be used in the cosmetic and perfume industry. 
Experimental

Chemicals and reagents: Trunks and leaves of
Supercritical fluid extraction:
The extractor (36 mm ID, 41 mm OD, 370 mm L) was a stainless steel vessel. CO 2 from a cylinder was delivered by an electric-driven high pressure compressor into the extraction vessel. The pressure in the extractor was controlled by a backpressure regulator. The extracts dissolved in the supercritical solvent were separated from the CO 2 by pressure reduction and collected in the separator (40 mm ID, 60 mm OD, 370 mm L). The separators were equipped with a jacket. The operating pressure and temperature were 8-15 MPa and 40-60 o C, respectively and the mass flow rate of CO 2 was fixed at 34 g/min. The extraction time was also fixed at 100 min. The bed void fraction was approximately 0.5 for both scale units.
Ground trunk and leaves of C. obtusa (50 g) were put into a cylindrical extraction vessel. CO 2 from the cylinder was delivered by a pump (Milroyal pump, MCP13D10B1M, maximum flow rate=100 L/h) into the extraction vessel. The oil dissolved in the supercritical CO 2 was separated from the CO 2 by pressure reduction and collected in the separators. The separators were equipped with a cooling jacket. The oil-free CO 2 was cooled and recycled to the storage tank. The volume of the extract was adjusted to 10.0 mL with n-hexane at the end of the extraction. The amount of extracted oil was determined gravimetrically after collection, and than the extraction yield was expressed as the percent ratio of the mass of extracted oil to mass of C. obtusa loaded into the extraction vessel, as follows: oil yield (%)=(mass of extracted oil/mass of dried material)×100.
Hydrodistillation: Fifty g of each sample was submitted to hydrodistillation with a Clevenger-type apparatus and extracted with 1 L of water for 6 h. The essential oils were collected, dried under anhydrous sulfate and stored at 4 o C until used.
